ABSTRACT Wild bees that provide pollination services to vegetable crops depend on forage resources, nesting sites, and overwintering sites in the agricultural landscape. The scale at which crop-visiting bees use resources in the landscape can vary regionally, and has not been characterized in the Midwestern United States. We investigated the effects of seminatural land cover on wild bee visitation frequency to cucumber (Cucumis sativus L.) and on wild bee species richness on 10 organic farms in Indiana. We estimated the spatial scale at which the effects of land cover were strongest, and also examined the effects of nonlandscape factors on wild bees. The visitation frequency of wild bees to cucumber was positively related to the proportion of seminatural land in the surrounding landscape, and this relationship was strongest within 250 m of the cucumber patch. The species richness of wild cucumber visitors was not affected by land cover at any spatial scale, nor by any of the nonlandscape factors we considered. Our results indicate that wild, crop visiting bees beneÞt from seminatural areas in the agricultural landscape, and beneÞt most strongly from seminatural areas within 250 m of the crop Þeld. This suggests that setting aside natural areas in the near vicinity of vegetable Þelds may be an effective way to support wild, crop-visiting bees and secure their pollination services.
Bees (Hymenoptera: Apoidea) provide the majority of pollination services for 30 pollinator-dependent crops worldwide, and are important for the stability of food production (Klein et al. 2007 , Garibaldi et al. 2011a ). In the United States, farmers have traditionally relied on the European honey bee (Apis mellifera L.) to provide crop pollination. The number of managed honey bee colonies in the United States has declined over the past 50 yr, because of a suite of parasites, pathogens, and environmental factors (National Research Council 2007) . While the number of honey bee colonies continues to grow globally, that growth is being outstripped by rapid increases in the land area planted in pollinator-demanding crops (Aizen and Harder 2009) . Wild bee species that nest in the agricultural landscape and visit pollinator-demanding crops can be an alternate source of pollination services. To assess wild beesÕ potential to provide pollination services to agriculture and identify methods to increase crop pollination by wild bees, we must Þrst understand how crop-visiting wild bees are affected by the agricultural landscape ).
The value of wild pollinators to agriculture in the United States has been estimated at more than three billion dollars, and the importance of wild pollinators is likely to increase as honey bees continue to decline (Losey and Vaughan 2006, National Research Council 2007) . Under the right circumstances, wild bee communities can meet the pollination needs of even the most pollen-demanding crops (Winfree et al. 2007a , Rader et al. 2009 ). Unfortunately, many wild bee species native to the United States are currently experiencing population declines (Cameron et al. 2011 ). To maintain a place for wild bees in the agricultural landscape, we need to better understand how environmental factors both on and off the farm impact these important crop pollinators (Lonsdorf et al. 2009 ).
Wild bees visiting crop plants depend heavily on the landscape surrounding the agricultural Þeld. They require access to areas that are suitable for nesting and overwintering, and rely on forage resources that can include both crop and noncrop plants . Forage resources in particular have been identiÞed as a limiting factor for wild bee populations (Roulston and Goodell 2011) . Seminatural areas within the agricultural landscape, including woodland, old Þelds, and extensively managed grassland, can be vital sources of forage for wild bees (Dailey and Scott 2006, Williams and . These areas can also provide nesting habitat for many wild species ). Research conducted in many regions of the world has generally found that the abundance and species richness of wild bees in the agricultural landscape are positively related to the availability of seminatural land cover (SteffanÐDewenter and Westphal 2008) , but see (Winfree et al. 2007b , Carré 2009 ). The same trend is apparent with regard to pollination services that wild bees provide to crops (Klein et al. 2003 , Kremen et al. 2004 ) and the stability of crop pollination across time (Garibaldi et al. 2011b ).
If we wish to manage the agricultural landscape to increase pollination services provided by wild bees, it is vital to understand the scale at which wild bees use resources in the agricultural landscape . Wild bees may depend exclusively on resources within a small area around their nesting site, or they may be able to travel farther and exploit resources within a larger area (Greenleaf et al. 2007) . Indeed, studies examining the spatial scale at which wild bees in agriculture are most strongly affected by the proportion of seminatural land cover have obtained widely varying results, from 250 m in Lower Saxony, Germany (SteffanÐDewenter et al. 2002) , to 750 m in Alberta, Canada (Morandin and Winston 2006) , to 2.4 km in California (Kremen et al. 2004 ). Efforts to determine the spatial scale at which seminatural land cover most strongly affects crop-visiting wild bees in previously unexamined regions may therefore help us manage the landscape to beneÞt wild pollinators.
There are also numerous in-Þeld factors that can affect crop-visiting wild bees. Honey bees may suppress wild bee populations through competition for ßoral resources in some circumstances (Goulson 2003) . The diversity and abundance of noncrop plants in agricultural Þelds tend to have positive effects on the overall abundance of wild bees (Holzschuh et al. 2008 ), but their impact on wild bee visitation to crop plants can be positive or negative (Free 1993, Jha and Vandermeer 2010) . Field size can also impact the frequency with which wild bees visit crops (Isaacs and Kirk 2010) .
We studied the effects of seminatural habitat on wild bee species richness and visitation frequency to cucumber crops (Cucumis sativus L.) for organic farms in southern and central Indiana. Nonparthenocarpic varieties of cucumber and other cucurbits are highly dependent on bees to achieve fruit set, and are known to be pollinated by a variety of wild bee species, as well as by honey bees Walker 1984, Aizen et al. 2009 ). Visitation frequency is an important factor contributing to pollination, and has been used as an indicator of pollination services (Dafni et al. 2005 , Kohler et al. 2008 . We chose to focus on organic farms because wild bees can be highly sensitive to the use of many insecticides (Johansen et al. 1983 , Whitehorn et al. 2012 .
Our study addressed the following questions: 1) Does the proportion of seminatural land cover in the surrounding landscape positively impact the visitation frequency of wild bees to cucumber and the species richness of cucumber-visiting wild bees? 2) At what spatial scale are the visitation frequency and species richness of wild bees most strongly affected by the proportion of seminatural land cover? 3) Do the visitation frequencies of two subsets of the wild bee community (small bees and large solitary bees) exhibit similar responses to seminatural land cover? 4) Do other factors such as honey bee visitation frequency, cucumber patch size, and the local abundance and species richness of ßowering plants other than cucumber affect cucumber-visiting wild bees? To our knowledge, this is the Þrst study concerning the effects of landscape on wild bees visiting crop plants in the Midwestern United States.
Materials and Methods
Site Characteristics and Selection. We performed our study at 10 organic vegetable farms in southern and central Indiana (Fig. 1a) . Each farm grew cucumber among a variety of vegetable crops. The number of farms included in this study was limited by the small number of suitable farms in the study region. Not all farms grew the same cucumber variety, but all varieties were nonparthenocarpic. Farms ranged from 19 to 124 acres in size, and many farms included seminatural areas alongside cultivated land. The area in which cucumbers were grown, referred to hereafter as the cucumber patch, ranged from 49 to 420 m 2 . Personal communication with the farmers conÞrmed that the only insecticides used at any farm were kaolin and spray-applied Bacillus thuringiensis (Bt); both have been found to be nontoxic for bees (Malone et al. 1999 , United States Environmental Protection Agency 2000 . Five of the 10 farms maintained honey bee hives or stocked their Þelds with honey bees, and the remaining Þve did not manage honey bees.
The landscape surrounding our study sites was a mix of agricultural land, seminatural areas, and urbanized land (Fig. 1b) . We included all woodland areas, all old Þelds, and all grassland including pasture land in our deÞnition of seminatural land cover. Old Þelds were deÞned as primarily open areas including some young woody vegetation. The landscape surrounding our study sites did not contain any appreciable wetlands or other types of unmanaged habitat. Agriculture in the surrounding landscape consisted mainly of conventionally managed corn and soybeans. We chose farms to achieve a gradient in the proportion of surrounding seminatural land cover (Fig. 2a) . Distance between farms ranged from 6.4 to 233.8 km.
Bee Surveys. Visitation Frequency. We surveyed the frequency of bee visits to cucumber ßowers at our study sites during three sampling periods. The Þrst period was from 24 June to 20 July 2008, the second from 19 June to 20 July 2009, and the third from 27 July to 24 August 2009. Seven of the 10 farms were surveyed in the Þrst sampling period, seven of the 10 were surveyed in the second period, and nine of the 10 were surveyed in the third period. All farms were sampled at least once in 2009. All surveys were conducted on days with temperatures between 21 and 34ЊC, wind speeds under 16 kph, and partial or no cloud cover (Droege 2009 ). At each study site, we surveyed bees visiting cucumber at 30 arbitrarily chosen locations within each cucumber patch. Half of the surveys were conducted between 0900 and 1030 hours, and half between 1130 and 1300 hours. We sat stationary at each survey location for 10 min and counted the number of bees visiting cucumber ßowers within a single Þeld of vision (Winfree et al. 2007a) . Only bees that made contact with the ßowersÕ reproductive parts were counted. All visiting wild bees were classiÞed into one of three categories: bumble bees (Bombus spp.), large solitary bees (over 1 cm in length), or small bees (under 1 cm in length) (SteffanÐDewenter et al. 2002 , Klein et al. 2008 . We chose these categories because the foraging range of individual bee species can be affected by both body size and sociality (SteffanÐDewenter et al. 2002 , Greenleaf et al. 2007 ). We also recorded honey bee visits to cucumber. Visitation frequency was calculated as the mean number of bees visiting cucumber per 10 min period.
Species Richness. During the second and third sampling period (both in 2009), we surveyed the species richness of bees visiting cucumber by collecting wild bees on cucumber ßowers. We traversed the cucumber patch on each farm for two 50 min collecting periods, netting every wild bee observed on a cucumber ßower. Bee collections were made on the same days as bee visitation surveys, and collection periods began at 1030 and 1300 hours. We killed all collected bees using soapy water, transferred them to ethanol the same day, and identiÞed them to species using Discover Life (Ascher 2009 ) and Mitchell (1960 Mitchell ( , 1962 , with the exception of several Lasioglossum and one Ceratina that we were unable to identify to species (Table 1) . Species identiÞcations were conÞrmed by Robert Jean at Indiana State University. Voucher specimens of all species collected in this study were deposited in the A. J. Cook Arthropod Research Collection at Michigan State University under voucher number VC 2012-01.
Floral Abundance and Species Richness. During the second and third sampling periods (both in 2009), we measured the abundance and species richness of ßow-ering plants other than cucumber at each site. We sampled at 30 points distributed across a 100 ϫ 100 m sampling area centered on the cucumber patch. A central 100-m transect was positioned parallel to the crop rows. The x coordinate of each sampling point was located at evenly spaced intervals along the transect, and the y coordinate of each sampling point was located at randomly selected distances of 0 Ð50 m perpendicular to the central transect. At each sampling point we laid down a 1 m 2 sampling frame divided into 100 10 ϫ 10 cm grid sections. We identiÞed to species each animal-pollinated plant other than cucumber that was currently ßowering within the sampling frame. We also counted the number of grid sections in which each plant occurred. When a plant species could not be determined in the Þeld, we collected a sample and determined the species in the lab using a key to ßora of the Midwestern United States (Gleason and Cronquist 1991) . The abundance of ßowering plants other than cucumber at each site was calculated by adding together the total number of grid sections in which each individual ßowering species occurred (Stohlgren 2007) . Plant species richness was calculated as the total number of ßowering species that we identiÞed at each site.
Landscape Classification. We located the centroid of each cucumber patch using ArcMap 9.3 (Environmental Systems Research Institute 2009). We then classiÞed all land cover within a 2,000 m radius around the centroid as either cropland, grassland (including hayÞelds and pasture land), old Þeld (primarily open areas with some young woody vegetation), woodland, intensively developed land (roads and buildings), or open water. While we were unable to classify cropland as organic or conventional, the majority of agriculture in our study area consisted of conventional corn or soy monoculture. Land cover was manually classiÞed in ArcMap 9.3, based on 15Ð30 cm resolution aerial photos taken in spring 2005 (Fig. 1b,c ; Indiana Geographical Survey 2005). We veriÞed our land cover classiÞcations with global positioning system (GPS) surveys on each farm. We aggregated all woodland, grassland, and old Þeld areas, and we hereafter refer to this aggregate as seminatural land cover. For each of the 10 sites, we used ArcMap 9.3 to calculate the proportion of seminatural land cover within circular areas with radii of 250, 500, 1,000, and 2,000 m around the centroid of the cucumber patch. The proportion of seminatural land cover was calculated as the sum of all seminatural land cover within each area divided by the total amount of land within the area (Environmental Systems Research Institute 2009). Across our 10 sites, the proportion of seminatural land cover within 2,000 m of the centroid of the cucumber patch ranged from 11 to 84% (Fig. 2a) .
Data Analysis. Our analytical process was divided into two stages. In the Þrst stage, we identiÞed the spatial scale at which seminatural land cover most strongly affected wild bee visitation to cucumber and the species richness of cucumber-visiting wild bees. We refer to this hereafter as the most important spatial scale. We then used the proportion of seminatural land cover at the most important spatial scale in the second stage of analysis. In this stage, we modeled the effects of a suite of environmental factors, including but not limited to seminatural land cover, on wild bee visitation to cucumber. We use linear mixed models in both stages of analysis because they can accommodate both Þxed effects (measured variables) and random effects (differences between sites that we did not measure) (Pinheiro and Bates 2000) .
Most Important Spatial Scale. We used single-factor linear mixed models to compare the effects of land cover at different spatial scales on wild bees visiting cucumber (Holzschuh et al. 2008) . We modeled the effects of seminatural land cover at each of our four spatial scales on the following response variables: total wild bee visitation frequency, wild bee species richness, small bee visitation frequency, and large solitary bee visitation frequency. This resulted in a total of 16 models. We applied ln(x ϩ 0.5) transformations to small bee visitation frequency and large solitary bee visitation frequency to meet distributional assumptions. Bumble bees were included in total wild bee visitation frequency and wild bee species richness, but they were not present at enough sites to be analyzed as a separate group. All mixed models included the proportion of seminatural land cover at one spatial scale as a Þxed factor, and site and sampling period as random factors. Site was modeled as a random intercept and sampling period was modeled as a random slope, allowing site effects to vary in different sampling periods (Pinheiro and Bates 2000) . Mixed models were Þtted using the nlme package in R, with a compound symmetry error structure for the random effects and a normal distributional assumption (Pinheiro et al. 2012 , R Development Core Team 2011 . We selected the spatial scale with the highest F-value for use in further analysis of each response variable, and refer to it hereafter as the most important spatial scale (SteffanÐDewenter et al. 2002) . For models involving visitation frequency, we used data from all three sampling periods. For models involving species richness we only used data from the second and third sampling period (both in 2009), because species richness data were not collected during the Þrst sampling period.
To determine whether the geographical distance between farms affected relationships between cucumber-visiting wild bees and surrounding seminatural land cover, we used MoranÕs I to test for spatial autocorrelation in the residuals of all mixed models discussed above (Kremen et al. 2004 ). We computed MoranÕs I using the "ape" package in R (Paradis et al. 2004 , R Development Core Team 2011 .
Effects of Factors Other Than Land Cover. We explored the effects of factors other than land cover on cucumber-visiting wild bees by Þtting a set of linear mixed models for each response variable (wild bee visitation frequency, visitation frequency of small bees, visitation frequency of large solitary bees, and wild bee species richness). We only used data from our second and third sampling periods (both in 2009) in this stage of analysis, because data on factors other than land cover were not collected in the Þrst sampling period. For response variables that were significantly affected by the proportion of seminatural land cover at one or more spatial scales, we constructed mixed models with all possible combinations of one to three of the following Þxed factors: proportion of Honey bees were not captured, but were present on cucumber at all sites. Note that parasitic species do not forage for pollen and should not be considered true pollinators of cucumber (OÕToole and Raw 1991).
a "Morphotype" indicates the morphological category into which each species was placed during our observations of bee visits ("Small" ϭ small bee, "Bumble" ϭ bumble bee, "Lrg. Sol." ϭ large solitary bee).
b Nesting habitat is listed for species known to nest in the ground or in plant matter. For parasitic bees, the host genus is given in parentheses. Nesting habitat information comes from 1 (Malder et al. 2011) , 2 (OÕtoole and Raw 1991), 3 (Ordway 1964) , 4 (Hefetz et al. 1982) , and 5 (Rightmyer 2006) . c For bumble bees, the no. of queens collected is given Þrst, followed by the no. of workers. d Male Lasioglossum could not be identiÞed to species, and are all included under Lasioglossum sp.
seminatural land cover surrounding the cucumber patch at the most important spatial scale, visitation frequency of honey bees to cucumber, cucumber patch size, the local abundance of ßowering plants other than cucumber, and local ßowering plant species richness. For response variables that were not signiÞcantly affected by land cover at any spatial scale, we constructed models with all combinations of one to three of the following Þxed factors: visitation frequency of honey bees to cucumber, cucumber patch size, the local abundance of ßowering plants other than cucumber, and local ßowering plant species richness. Our sample size did not provide sufÞcient degrees of freedom to Þt models with more than three Þxed factors. All mixed models included farm as a random intercept and sampling period as a random slope, and were Þtted using the nlme package in R with a compound symmetry error structure and a normal distributional assumption (Pinheiro and Bates 2000, R Development Core Team 2011) . We compared the relative likelihood of these models using the Akaike information criteria (AIC) adjusted for small sample size (AICc) (Burnham and Anderson 2002) . We present the model with the lowest AICc score for each response variable. We also present alternate models with AICc scores within two units of the lowest scoring model (⌬ i Ͻ 2).
Results
We observed a total of 1,678 cucumber visits by wild bees and 3,237 visits by honey bees across our 10 study sites and three sampling periods. Of the wild bees observed visiting cucumber, 850 were small bees, 557 were large solitary bees, and 271 were bumble bees. We collected and identiÞed a total of 560 bees visiting cucumber, comprising 28 identiÞable species (Table  1) . On eight of the 10 farms honey bees were the most frequent cucumber visitors, and on the remaining two farms wild bees were the most frequent visitors (Fig.  2b) .
Most Important Spatial Scale. There were positive relationships between the total visitation frequency of wild bees to cucumber and the proportion of seminatural land cover at scales of 250 m around the centroid of the cucumber patch (F ϭ 43.39; df ϭ 1, 8; P Ͻ 0.001), 500 m around the cucumber patch (F ϭ 32.64; df ϭ 1, 8; P Ͻ 0.001), and 1,000 m around the cucumber patch (F ϭ 9.42; df ϭ 1, 8; P ϭ 0.015). The relationship was strongest at a scale of 250 m and grew weaker as the spatial scale increased (Fig. 3a) . The species richness of wild bees collected on cucumber was not signiÞcantly affected by seminatural land cover at any spatial scale (Fig. 3b) . There was a positive relationship between the visitation frequency of small bees to cucumber and the proportion of seminatural land cover around the centroid of the cucumber patch at a scale of 250 m (F ϭ 10.92; df ϭ 1, 8; P ϭ 0.011), but not at any larger spatial scale (Fig. 3c) . The visitation frequency of large solitary bees to cucumber was not signiÞcantly affected by seminatural land cover at any spatial scale (Fig. 3d) . We did not observe spatial autocorrelation in any of these models (all P Ͼ 0.127).
Effects of Factors Other Than Land Cover. Seminatural land cover was the only important predictor of the overall visitation frequency of wild bees to cucumber. The best model included seminatural land cover at 250 m around the cucumber patch as the only Þxed factor and showed a positive relationship between visitation frequency and land cover ( Table 2) . None of the factors we measured were good predictors of wild bee species richness. The best model predicting wild bee species richness included the local abundance of ßowering plants as the only Þxed factor, but with a nonsigniÞcant effect on species richness (Table 2 ). One alternative model predicting wild bee species richness (⌬ i ϭ 0.35) included honey bee abundance as the only Þxed factor, but the effects were likewise not signiÞcant. The best model predicting small bee visitation frequency included seminatural land cover at 250 m as the only Þxed factor, and showed a positive relationship between visitation frequency and land cover (Table 2) . Additionally, an alternative model predicting small bee visitation frequency (⌬ i ϭ 1.76) included honey bee visitation frequency as the sole Þxed factor, and showed a negative relationship between honey bee and small bee visitation frequency (F ϭ 80.08; df ϭ 1, 5; P Ͻ 0.001). None of the factors that we measured were good predictors of large solitary bee visitation frequency. The best model predicting large solitary bee visitation frequency included the frequency of honey bee visits as the only Þxed factor, but with nonsigniÞcant effects (Table 2) .
Discussion
The overall visitation frequency of wild bees to cucumber was positively related to the proportion of seminatural land cover surrounding the 10 organic vegetable farms in this study. This positive trend could be because of the presence of forage resources, nesting sites, and overwintering sites (hibernacula) in seminatural areas ). Because wild bees nesting in agricultural systems often make use of multiple crop species, it is likely that any pollination beneÞts will extend to crops other than cucumber as well .
The relationship we observed between seminatural land cover and wild bee visitation was strongest at smaller spatial scales. Researchers working in other temperate regions have found similarly small spatial scales to be most important for wild bees (SteffanÐ Dewenter et al. 2002 , Holzschuh et al. 2008 . These results suggest that preserving seminatural areas in the immediate vicinity of the vegetable Þeld can increase visitation to cucumber by wild bees. Other studies in different regions, however, have found that wild bees in agriculture are most strongly inßuenced by the proportion of seminatural land cover at larger spatial scales (Kremen et al. 2004, Morandin and Winston 2006) . This indicates that the spatial scale at which crop-visiting wild bees use resources in the landscape varies regionally, and emphasizes the value of regional studies such as this one.
We did not Þnd a relationship between the species richness of wild bees and the proportion of seminatural land cover surrounding the crop Þeld at any spatial scale. Studies have shown both positive and negative relationships between wild bee species richness and the proportion of seminatural cover in the surrounding landscape, and in many cases no relationship has been found (Winfree 2007b , Carré et al. 2009 ). Grundel et al. (2010) found that the species richness of wild bees in Indiana natural areas is predicted by a different set of habitat characteristics than wild bee abundance. Likewise, our results suggest that wild bee abundance and species richness in agriculture depend on different sets of features in the landscape. Studies examining the effects of speciÞc types of landscape features and management practices on wild bees may help to reveal factors affecting bee species richness (Roulston and Goodell 2011) .
When small bees were considered separately, their visitation frequency was also positively related to the amount of seminatural land cover immediately surrounding our sites, but there was no relationship between small bee visitation and seminatural land cover at spatial scales larger than 250 m. These results are consistent with the general positive relationship between bee speciesÕ foraging range and their body size (Greenleaf et al. 2007 ). Because of their size, small bees do not tend to contribute as much pollen per visit as larger species (Hoehn et al. 2008 ). However, because many small-ßowered plants are pollinated only by small bee species, they may make a unique contribution to the overall biodiversity of the farm and the surrounding landscape (Evans 1984) .
Interestingly, one of our alternative models identiÞed a negative relationship between the visitation frequency of small bees and the visitation frequency of honey bees to cucumber. Researchers have ex- a We Þtted linear mixed models for each of the response variables in this table with combinations of one to three of the following Þxed factors: proportion of semi-natural land cover surrounding the cucumber patch at the most important spatial scale (% SN), honey bee visitation frequency (Honey visit. freq.), cucumber patch size, the abundance of ßowering plants other than cucumber at the site (Local ßower abund.), and the species richness of ßowering plants at the site. The best model for each response variable was selected using the AICc, and is shown in this table.
pressed concern that honey bees may compete with wild bees for ßoral resources in some circumstances (Goulson 2003) . Our results suggest that honey bees may limit small wild beesÕ ability to exploit cucumber as a food source, but further experimentation would be necessary before we could draw any conclusions on this point.
The visitation frequency of large solitary bees to cucumber showed no relationship to the proportion of seminatural land at any spatial scale. It is possible that large solitary bees in our study depend on resources in the landscape that are unrelated to the amount of seminatural land cover. For example, 95% of the large solitary bees captured in this study are known to be ground-nesting species (Table 2) . Ground-nesting bees require open soil of an appropriate type, a variable which we did not include in our analysis (OÕToole and Raw 1991, Julier and Roulston 2009) . Further studies including a broader suite of site variables may be needed to determine the impacts of management practices and landscape resources on all subsets of the bee community.
It is clear that small bees contribute to the strong relationship between total wild bee visitation frequency and the proportion of seminatural land cover at small spatial scales, while large solitary bees do not contribute as much to this relationship. Because we were not able to analyze bumble bees as a separate group, further work would be required to understand bumble beesÕ contribution to the overall relationship between wild bee visitation frequency to crops and seminatural land cover.
The abundance and species richness of ßowering plants in a transect centered on the cucumber patch did not appear to affect wild bees visiting cucumber. However, it is worth noting that we sampled the ßow-ering plant community only at times when cucumber was in bloom. Wild bees in agricultural landscapes are likely to experience the greatest beneÞts from noncrop ßowering plants when crops are not in bloom and fewer ßoral resources are available (Tuell et al. 2008) . To fully understand how ßoral abundance and species richness affect the community of cucumber-visiting wild bees, it would be necessary to sample the ßora at points throughout the growing season. Investigators measuring ßoral communities across the course of the growing season have found that noncrop plants in farmland can bolster the wild bee community and the pollination services these bees provide to crops (Jha and Vandermeer 2010) .
To further elucidate the effects of seminatural areas on crop-visiting wild bees, it may be helpful to consider the effects of woodland and open natural areas separately. The impacts of woodland areas on wild bees remain unclear. A survey of the bee community in seminatural areas in Indiana indicated that wild bee abundance was positively related to canopy cover. However, a study in New Jersey found a negative relationship between wild bee abundance and the proportion of forest in the surrounding landscape (Winfree et al. 2007b , Grundel et al. 2010 . Work to distinguish the effects of woodland and open habitat could also lead to more speciÞc recommendations for land managers.
Of the farms that we studied, only half kept honey bees or stocked their Þelds with honey bee hives. The rest relied on wild bees and honey bees from the surrounding area. On two of these farms, wild bees provided the majority of visits to cucumber. When farmers do not manage honey bees, wild bees are likely to play an important role in ensuring adequate crop pollination (Isaacs and Kirk 2010) . Seminatural habitat near the vegetable Þeld would then play an important economic role by supporting wild pollinators of vegetable crops. We did not quantify wild beesÕ contribution to the total pollen deposition needed to achieve marketable fruit set in cucumber, so we cannot estimate wild beesÕ effect on crop yield (Kremen et al. 2004 ). However, with honey bee populations continuing to decline, we anticipate that wild bees will be of increasing value to vegetable agriculture (National Research Council 2007).
Our results may be relevant to farmers and land managers because they suggest that local-scale management decisions can be important for encouraging wild pollinators. Because crop-visiting wild bees rely most heavily on seminatural areas near to the cucumber patch, decisions by individual farmers or land mangers may have a major impact on those beesÕ ability to thrive. Conservation initiatives designed to protect ecosystem services to agriculture would also do well to consider crop-visiting wild beesÕ reliance on landscape resources near to the farm. More work must be done to develop strategies for supporting wild pollinators, but our Þndings do suggest that setting aside natural areas in the near vicinity of vegetable Þelds may be an effective way to bolster visitation of wild bees to vegetable crops in our region. This could provide crops with valuable pollination services in situations where the number of honey bee colonies is limited.
